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Hacbanisns  of  Cj^toodcdty  of  tbe  MDB  Virus 
P.I.:  Lee  Ratner,  M.D.,  Ib.D. 


Contract  No.  OAMD17-90-<M)12S 

Basic 


Sunmary 

The  current  stufy  examined  the  functicns  of  the  V]pr,  V]pfx,  and  Nef  regulatory 
proteins  of  human  Irnunodeficiency  viruses.  Vpr  was  found  to  be  iiqportant  for 
productive  infection  of  monocytes  by  mv-l,  but  could  be  replaced  by  Vpu. 
Several  Vpr  nutants  have  been  ocnstructed  in  viral  denes  and  es^nression  vectors, 
and  a  Vpr  antibody  raised  for  further  strucbae-function  studies  of  this  pro¬ 
tein.  Studies  of  VpK  have  just  been  initiated  focusing  on  rec^urements  for  its 
packaging,  possible  binding,  and  role  in  infectivil^.  An  antiboc^  to  Vpx  is 
cuinrently  being  raised.  Nef  was  shown  to  stqppress  mv-l  transcription,  and 
recent  gel  retardation  eiqieriments  have  identified  its  activity  via  a  NFlcB-liJce 
protein.  Nef  mutants  in  Sl\Aaac  and  are  HIV-1  are  currently  being  studied. 
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Contrict  No.  DAMD17-90-C-0125 

Basic 
Page  No.  14 


FOREWORD 


Opinions,  interpretations,  conclusions  and  recommendations  are 
those  of  the  author  and  are  not  necessarily  endorsed  by  the  U.S.  Army. 

y  Where  copyrighted  material  is  quoted,  permission  has  been  obtained 
to  use  such  material. 

y  Where  material  from  documents  designated  for  limited  distribution 
is  quoted,  permission  has  been  obtained  to  use  the  material. 


Citations  of  commercial  organizations  and  trade  naunes  in  this 
report  do  not  constitute  an  official  Department  of  the  Army  endorsement 
or  approval  of  the  products  or  services  of  these  organizations. 


■  <y  I  ft  In  conducting  research  using  animals,  the  investigator  (s)  adhered 
to ' the  "Guide  for  the  Care  and  Use  of  Laboratory  Animals, "  prepared  by 
the  Committee  on  Care  and  Use  of  Laboratory  Animals  of  the  Institute  of 
Laboratory  Animal  Resources,  National  Research  Council  (NIH  Publication 
No.  86-23,  Revised  1985)  . 


^  For  the  protection  of  human  subjects,  the  investigator (s)  have 
adhered  to  policies  of  applicable  Federal  Law  45  CFR  46. 


In  conducting  research  utilizing  recombinant  DNA  technology,  the 
investigator (s)  adhered  to  current  guidelines  promulgated  by  the 
National  Institutes  of  Health. 
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Mechanisms  of  C^totoocLcity  of  tlie  AIDS  Virus 
P.I.:  Lee  Batner,  M.D./  Eta.D. 


Oontxact  No.  nRMD17-90-O-0125 

Basic 


(5)  INTRCXXXSCION  -  Derived  frcm  original  Ocaitract  Proposeil 
a)  Technical  Objectives 

1.  To  define  the  function  of  viral  protein  R  (VPR) 

a.  Express  HIV-1,  HIV-2,  and  SIV  vpr  genes  in  E.  coli 

b.  Develop  antibodies  to  recombinant  VPR  products 

c.  Determine  size(s)  of  VPR  products  in  acute  and  chronically  infected 
lymphoid  and  monocytoid  cells  infected  with  HIV-1,  HIV-2,  and  SIV 

d.  Determine  cellular  localization  of  VPR 

e.  Assess  co-  and  post- translational  modifications  of  the  VPR  proteins 

f.  Isolate  cDNAs  encoding  VPR 

g.  Determine  role  of  VPR  in  HIV-1,  HIV-2,  and  SIV  replication  in  a 
variety  of  lymphoid  and  monocytoid  cells 

h.  Determine  mechanism  of  action  of  VPR  in  enhancing  HIV-1  infectivity 
and/or  replication  in  MT4  lymphoid  cells 

i)  Determine  effects  of  VPR  on  HIV-1  infectivity 

ii)  Determine  effects  of  VPR  on  HIV-1  production 

iii)  Determine  if  VPR  effects  can  be  complemented  in  trans 

iv)  Determine  if  VPR  effects  are  independent  of  other  regulatory  proteins 

v)  Determine  structure- function  relationships  of  VPR  protein 

i.  Determine  role  of  VPR  iji  vivo  with  appropriate  model  systems 

i)  Scid/hu  mouse  models 

ii)  Rabbit  model  systems 

ill)  SIV  model  systems  in  rhesus  macaques 

j .  Determine  role  of  VPR  in  modulating  disease  in  HIV-1  infected  humans 

2.  To  determine  the  function  of  viral  protein  X  (VPX) 

a.  To  assess  effects  of  VPX  on  replication  and  cytopathicity  of  HIV- 2  in 
T  lymphoid  and  monocytoid  cells 

i)  To  determine  effects  of  VPX  on  site  of  virus  assembly  in  the  cell 

b.  To  determine  cellular  localization  of  VPX  in  HIV-2  infected  cells 

c.  To  determine  if  there  are  co-  or  post- translational  modifications  of  VPX 

d.  To  assess  whether  VPX  proviral  mutants  can  be  complemented  in  trans  by  a 
VPX  expression  clone 

e.  To  determine  stiructure- function  relationships  of  VPX 

f.  To  assess  effects  of  VPX  on  replication  and  cytopathicity  of  SIV  in  T 
lymphoid  and  monocytoid  cells 

g.  To  assess  role  of  VPX  ^  vivo  with  animal  model  systems 

3.  To  determine  function  and  mechanism  of  action  of  NEF 

a.  To  determine  relative  effects  of  HIV-1  NEF  on  viral  RNA  transcription, 
degradation,  and  nuclear-cytoplasmic  transport 

b.  To  characterize  NEF  responsive  sequences 

c.  To  characterize  mechanism  of  transcriptional  suppression  by  NEF 

i)  Gel  retardation  measurements 

ii)  DNA  footprinting  studies 

iii)  In  vitro  transcription  studies 

d.  To  determine  role  of  phosphorylation,  GTP  binding,  GTPase  activity, 
and  myristoylation  acceptor  activity  in  NEF  activity 

e.  To  determine  effects  of  NEF  on  cellular  proteins  including  those  which 
may  modulate  HIV-1  infectivity  or  replication 

f.  To  determine  role  of  NEF  in  HIV-2  and  SIV  replication 

g.  To  determine  role  of  of  NEF  Iji  vivo  with  animal  model  systems 

h.  To  determine  role  of  NEF  in  modulating  manifestations  of  HIV-1 

infection  in  humans 

i.  To  determine  therapeutic  role  of  a  retrovirus,  expressing  NEF 

A 


b)  Hypotheses 


Regulatory  genes  of  HIV-1,  HIV- 2,  and  SIV  are  important  in  modulating  ' 
virus  infection  and  transmission  ^  vivo.  Viral  proteins  R  (VPR)  and  X 
(VPX)  and  the  negative  factor  (NEF)  are  three  of  the  least  well  charac¬ 
terized  regulatory  proteins.  Identification  of  their  functions,  their 
mechanisms  of  actions,  and  structure -function  relationships  of  each  protein, 
in  vitro  and  ^  vivo  will  assist  in  our  understanding  of  the  pathogenesis  of 
HIV  induced  disease.  This  information  will  be  critical  in  defining  thera¬ 
peutic  approaches  to  suppressing  HIV-1  infection,  replication,  and  trans¬ 
mission. 

c)  Background 

i)  Basis 


HIV-1  and  HIV-2  cause  a  slowly  progressive  immunosuppressive  disorder 
in  humans.  One  species  of  simian  immunodeficiency  virus  (SIV)  derived  from 
rhesus  macaques,  SIV-MAC,  can  cause  a  similar  disorder  in  this  species  of 
monkeys  (Chakrabarti  et  al.,  1987).  Related  lentiviruses  are  found  in  other 
species  of  monkeys  including  mandrills  (Tsujimoto  et  al.,  1989),  sooty 
mangabeys  (Hirsch  et  al.,  1989),  and  African  green  monkeys  (Fukasawa  et  al., 
1988).  More  distantly  related  lentiviruses  causes  immunosuppression  in  cats 
(feline  immunodeficiency  virus)  (Pederson  et  al.,  1987;  Luciw  et  al. ,  1989), 
sheep  (visna  virus)  (Haas  et  al.,  1985),  goats  (caprine -arthritis  encepha¬ 
litis  virus)  (Narayan  &  Cork,  1985),  and  horses  (equine  infectious  anemia 
virus  (Issel  et  al.,  1986). 

These  viruses  are  biologically  and  structurally  related.  They  differ 
from  avian  and  murine  retroviruses  in  the  complex  nature  of  their  genomes 
In  addition  to  genes  encoding  structural  and  enzymatic  virion 
proteins,  GAG,  POL,  and  ENV,  these  viruses  all  encode  a  number  of  regulatory 
proteins  (Haseltine  et  al. ,  1988) .  Seven  regulatory  proteins  have  been 

identified  thus  far. 

TAT  is  a  positive  feedback  regulator  of  expression  of  virion  and 
regulatory  proteins,  working  primarily  at  the  level  of  transcriptional 
initiation  or  elongation,  and  to  a  lesser  degree  at  a  post- transcriptional 
level . 

REV  is  a  differential  regulator  that  increases  expression  of  virion 
proteins  at  the  expense  of  regulatory  proteins  by  increasing  the  transport 
of  unspliced  and  singly  spliced  mRNAs  from  the  nucleus  to  the  cytoplasm  and 
by  increasing  their  stability.  In  addition,  a  fusion  protein  between  TAT 
and  REV  has  recently  been  described  (Felber  et  al.,  1989b);  its  function  is 
unknown . 

VIF  is  important  for  the  infectivity  of  the  virus  particle  by  a 

post- translational  mechanism  that  remains  to  be  defined.  VPU  is  important 
for  mature  virus  assembly  at  the  cell  surface.  VPR,  VPX,  and  NEF  are 
additional  regulatory  proteins  whose  functions  will  be  the  focus  of  this 
study,  and  will  be  discussed  below. 

Regulatory  proteins  are  likely  to  be  important  in  determining  the  level 
of  virus  replication  at  different  stages  of  disease,  in  determining  the 

types  of  interaction  with  the  immune  system,  and  in  modulating  virus 

infectivity  and  transmission.  A  better  understanding  of  their  structure, 

expression,  and  mechanism  of  action  will  undoubtedly  improve  our  under¬ 
standing  of  pathogenesis,  lead  to  the  development  of  new  diagnostic  assays, 
provide  new  insights  into  therapeutic  maneuvers  which  may  suppress  virus 
replication  and/or  cytopathicity ,  and  assist  in  the  development  of  a  vaccine 
for  HIV  prevention. 
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Viral  Protein  R  (VPR) 


The  vpr  gene  is  found  in  the  genomes  of  HIV-1,  HIV-2,  simian  immuno¬ 
deficiency  virus  (SIV)  of  rhesus  macaques  (SIV-MAC),  SIV  of  sooty  mangabeys 
(SIV-SM) ,  but  not  SIV  of  African  green  monkeys  (SIV-AGM) ,  or  SIV  of  man¬ 
drills  (SIV-MN)  (Wong-Staal  et  al.,  1987;  Guyader  et  al,  1987; 

Chakrabarti  et  al.,  1987;  Fukasawa  et  al,  1987;  Tsujimoto  et  al.,  1989; 
Hirsch  et  al.,  1989).  An  open  reading  frame  is  also  found  in  a  similar 
position  in  the  visna  virus  genome  (Sonigo  et  al.,  1985).  The  conservation 
of  the  predicted  VPR  proteins  among  these  different  lentiviruses  is  almost 
as  great  as  that  of  GAG  and  POL  proteins 

The  HIV-1  VPR  protein  is  78  amino  acids  i.>ng  in  several  strains, 
and  96  amino  acids  long  in  the  remaining  strains  (Meyers  et  al,  1989). 
Functional  proviral  clones  of  HIV-1  have  been  identified  with  either 
form  of  the  vpr  gene  (Dedera  et  al.,  1989,  Adachi  et  al., 

1989).  Among  the  first  70  amino  acids,  501  conservation  of  amino  acid 
sequences  are  noted  (Meyers  et  al,  1989).  The  HIV-2  VPR  protein  is 

105  amino  acids  in  length,  whereas  that  of  SIV-MAC  is  97  amino  acids  long 
(Guyader  et  al.,  1987;  Chakrabarti  et  al.,  1987). 

The  VPR  proteins  of  HIV-1,  HIV-2,  and  SIV-MAC  are  expressed  iri  vivo  as 
evidenced  by  the  presence  of  antibodies  reactive  with  recombinant  VPR 
products  in  33-672  of  infected  humans  or  rhesus  macaques  (Wong-Staal  et  al., 
1987;  Lange  et  al.,  1989;  Yu  et  al,  1989).  A  single  antibody  to  the  96 
amino  acid  form  of  the  HIV-1  VPR  product  has  been  developed  and  claimed  to 
detect  a  13  kd  VPR  protein  in  cells  acutely  infected  with  HIV-1  (Lange  et 
al. ,  1989).  The  poor  quality  of  the  radioimmunoprecipitation  analyses  using 
this  antibody  suggest  that  the  specificity  and  avidity  of  this  antibody  are 
poor.  An  antibody  to  the  SIV-MAC  VPR  product  has  also  recently  been 
developed  (Yu  et  al.,  1989),  but  results  with  this  antiserum  have  not  yet 
been  reported.  No  antibody  to  the  HIV-2  VPR  product  has  yet  been  developed.  „ 

Work  from  our  laboratory  has  demonstrated  that  the  HIV-1  and  HIV-2 
VPR  products  are  dispensable  for  virus  infectivity,  replication,  and 
cytopathicity  (Dedera  et  al.,  1989  ).  Proviral  clones  have 

been  constructed  expressing  a  2  (R2),  22  (R22),  31  (R31) ,  40  (R40) ,  78 
(R78  or  X),  or  96  (R96)  amino  acid  form  of  the  VPR  product.  No  differences 
in  the  above  noted  parameters  were  detected  in  H9,  MOLT  3,  CEM,  U937,  or  SUP 
T1  cell  lines,  or  peripheral  blood  lymphocytes.  HIV-2  proviral  clones  have 
been  constructed  which  express  either  a  105  (MR105  or  SE)  or  6  amino  acid 
(MR7)  form  of  VPR.  No  alterations  in  infectivity,  replication,  or  cyto¬ 
pathicity  were  noted  with  viruses  derived  from  these  clones  in  H9,  MOLT  3, 
CEM,  SUP  Tl,  Jurkat,  or  U937  cell  lines,  or  primary  human  lymphocytes  or 
monocytes . 

However,  recent  data  suggests  a  cell-type  dependent  effect  of  vpr 
expression  or  action.  In  MT4  cells,  the  kinetics  or  replication  of  virus 
derived  from  R2  were  significantly  different  from  that  of  R78,  with  retarded 
and  diminished  virus  yield  from  the  vpr  mutant  . .  This  finding  has 

now  been  obtained  in  6  replicate  experiments  with  3  different  preparations 
of  R2  and  R78.  Cytopathicity  was  comparably "depressed.  The  novel  feature 
of  this  cell  line  which  may  account  for  this  effect  is  unknown;  there  may  be 
a  relationship  to  human  T-l3nnphotropic  virus  type  1  (HTLV-I)  expression  in 
MT4  cells. 

In  addition,  we  have  noted  subtle  morphological  differences  of  virus 
derived  from  vpr  mutant  infected  cell  lines  compared  to  those  infected  with 
the  parental  virus  .  R2  virus  particles  appeared  to  be  less 

homogenous  and  more  immature  than  those  derived  from  R78.  This  may  suggest 
an  effect  of  VPR  in  virus  assembly  or  maturation.  Possible  alterations  in 
the  structure  of  the  virus  particle  could  account  for  possible  changes  in 
infectivity  of  the  virus. 
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Viral  Protein  X  (VPX) 


The  vpx  gene  is  found  in  HIV-2,  SIV-MAC.  SIV-AGM,  SIV-SM,  but  not 
HIV-1  or  SIV-MN  (Guyader  et  al, ,  1987;  Chakrabarti  et  al,  1987;  Fukasawa 

et  al,  1988;  Hirsch  et  al.,  1989;  Ratner  et  al.,  1985a;  Tsujimoto  et  al, 
1989) .  It  is  an  immunogenic  protein  expressed  Iji  vivo ,  to  which  85Z  of 
HIV-2  infected  humans  and  20X  of  SIV-MAC  infected  rhesus  macaques  generate 
antibodies  (Kappes  et  al. ,  1988;  Yu  et  al.,  1988). 

The  VPX  product  is  a  112  amino  acid  prollne-rich  protein  which  is  found 
in  the  virion  in  equimolar  ratio  to  the  GAG  cans  id  (CA;  p24)  antigen 
(Henderson  et  al. ,  1988).  It  has  also  been  found  tb .  be  a  nucleic  acid 
binding  protein,  though  specificity  for  this  property  remains  to  be  investi¬ 
gated. 

Four  groups  of  investigators,  including  our  own  group,  have  now 
reported  on  findings  of  SIV  or  HIV-2  viruses  with  alterations  in  vpx 
(Yu  et  al.,  1988;  Guyader  et  al,  1989;  Hu  et  al. ,  1989  -- 

Kappes  et  al,  1989).  All  groups  agree  that  VPX  is  dispensable  for  virus 
infectivity,  replication,  and  cytopathicity .  For  example,  we  have  found  no 
effect  of  VPX  on  replication  of  HIV-2  in  GEM,  H9,  U937,  SUP  Tl,  and  Jurkat 
cell  lines.  These  studies  were  carried  out  with  HIV-1  proviral  clones 
capable  of  coding  for  the  full-length  VPX  protein,  or  a  clone  with  a  serine 
substitution  for  the  initiator  methionine  (MXl) ,  a  clone ,  with  a  termination 
codon  at  position  22  (MX22),  and  a  clone  with  the  same  mutation  present  in 

MXl  as  well  as  a  frameshift  mutation  at  position  62  and  another  termination 
codon  at  position  70  (MXl+62) . 

However,  divergent  results  were  obtained  in  studies  of  vpx  mutant 
replication  on  primary  T  lymphocytes.  Uhereas  Guyader  reported  a  10-fold 
decrease  in  HIV- 2  replication  in  the  absence  of  VPX  on  T  lymphocytes,  our 
own  studies  have  repeatedly  failed  to  detect  an  alteration  in  infectivity, 
replication,  or  cytopathicity  of  HIV-2  viruses  in  primary  human  lymphocytes 
with  or  without  vpx  (Guyader  et  al.,  1989;  Hu  et  al.,  1989  ).  A 

more  comprehensive  examination  of  kinetics  of  HIV- 2  and  SIV  replication  in 
primary  human  and  macaque  lymphocytes  and  in  primary  monocytes  is  clearly 
indicated  to  resolve  these  potentially  important  discrepancies . 

Our  group  has  recently  detected  a  particularly  intriguing  property 
of  VPX  to  direct  HIV-2  budding  to  particular  sites  in  the  cell.  In  the 
presence  of  VPX,  HIV- 2  was  found  in  H9  cells  to  bud  intracellularly  and 
at  the  plasma  membrane  .  The  morphology  of  the  virus  particles  was 

generally  mature  and  rather  homogeneous.  In  the  absence  of  VPX,  HIV- 2  buds 
exclusively  at  the  plasma  membrane.  The  virus  particles  were  generally  less 
mature  and  less  homogeneous . 

Negative  factor  (NEF) 

The  nef  gene,  unlike  the  vpr  and  vpx  genes,  is  poorly  conserved  between 
different  strains  of  HIV-1  and  other  lentiviruses  (Ratner  et  al.,  1985 

Meyers  et  al.,  1989).  A  similar  open  reading  frame,  however, 
has  been  described  also  in  HIV-2,  SIV-MAC,  SIV-AGM,  SIV-MN.  and  SIV-SM 
(Guyader  et  al.,  1987;  Chakrabarti  et  al.,  1987;  Fukasawa  et  al.,  1987; 
Tsujimoto  et  al.,  1989;  Hirsch  et  al.,  1989). 

The  NEF  protein  is  immunogenic  ^  vivo  in  infected  humans.  Both 
humoral  and  cell-mediated  immune  responses  have  been  detected  to  this 
protein  (Allan  et  al.,  1985;  Arya  et  al.,  1986;  Franchini  et  al.,  1986  and 
1987) .  Perhaps  the  most  intriguing  finding  is  the  identification  by  several 
different  investigators  of  antibodies  reactive  with  NEF  early  after  infec¬ 
tion  and  frequently  prior  to  the  detection  of  other  anti -HIV- 1  antibodies 
(Ameisen  et  al.,  1989a  and  b;  Sabatier,  et  al.,  1989,  Reiss,  et  al.,  1989,; 
Ronde  et  al . ,  1989;  Chengsong- Popov  et  al.,  1989;  Laure  et  al . ,  1989).  This 
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suggests  that  NEF  may  be  the  first  viral  protein  to  be  expressed  ^  vivo. 
Recent  data  from  tissue  culture  experiments  confirm  that  NEF  mRNA  is 

expressed  after  infection  earlier  than  mRNAs  for  other  regulatory  and 

structural  proteins  (Klotman  et  al.,  1989). 

Five  laboratories,  including  our  own,  have  now  reported  that  NEF  is  a 
negative  regulator  of  virus  replication  (Luclw  et  al. ,  1986;  Terwilliger  et 

al.,  1986;  Ahmad  &  Venketassen  et  al.,  1988;  Niederman  et  al. ,  1989  & 
Levy  et  al.,  1989).  However,  one  laboratory  has  failed  to 

detect  an  effect  of  NEF  (Kim  &  Baltimore,  1989).  Differences  In  sequence  of 

the  NEF  product  expressed  or  other  technical  difficulties  may  explain  the 
discrepancy.  Differences  In  NEF  expression,  NEF  action,  or  NEF  respon¬ 
siveness  have  been  demonstrated  for  different  HIV-1  clones  (Levy  et  al., 
1989).  Kim  &  Baltimore  have  not  yet  carried  out  similar  experiments  with 
provlral  clones  obtained  from  any  of  the  five  laboratories  which  have 
described  down- regulatory  effects  of  NEF. 

In  studies  of  SIV-MAC  clones,  all  of  those  which  are  capable  of  giving 
rise  to  virus  In  macaque  lymphocytes  have  a  defect  In  nef,  whereas  the 
single  clone  which  Is  not  functional  has  an  Intact  nef  gene  (Desroslers, 
personnel  communication) . 

Our  own  laboratory  has  recently  localized  the  effect  of  NEF  to  an 
effect  on  viral  RNA  levels  (Niederman  et  al.,  1989  ),  This 

effect  Is  at  least  partially  due  to  an  effect  on  viral  transcription  as 
determined  by  nuclear  run-off  experiments.  Effects  on  RNA  transport  or 
degradation  have  not  been  excluded.  Confirmation  of  these  results  was 
reported  by  Ahmad  &  Venketessan  (1988). 

The  NEF  protein  has  also  been  reported  to  down- regulate  human  CD4 
expression  (Guy  et  al.,  1987).  However,  this  study  was  carried  out  with 
vaccinia  expressed  NEF,  and  only  a  single  control  experiment  was  done 
examining  another  lymphocyte  surface  antigen,  4B4,  which  was  only  minimally 
down- regulated.  However,  differences  in  stability  of  different  antigens  on 
the  surface  of  lymphocytes  could  be  reflected  in  vaccinia  infected  cells, 
and  the  effect  may  not  be  specific  to  NEF.  Further  studies  of  the  effects 
of  NEF  on  cellular  protein  expression  and  growth  are  warranted. 

Nef  is  expressed  as  two  proteins  from  the  same  mRNA  due  to  utilization 
of  different  AUG  codons  (Ahmad  &  Venketessan,  1988) .  When  the  first  AUG 
codon  is  recognized  a  206  amino  acid,  N-myristoylated  27  kd  protein  is  ex¬ 
pressed.  This  protein  may  be  phosphorylated  at  the  threonine  at  position  15 
by  protein  kinase  C  (Guy  et  al.,  1988).  A  second  NEF  product  is  expressed 
from  utilization  of  the  second  AUG  codon  to  produce  a  187  amino  acid,  25  kd 
protein  (Ahmad  6  Venketessan,  1988).  Both  proteins  can  bind  and  cleave  GTP, 
and  can  autophosphorylate  at  a  carboxyl  terminal  serine  residue  in  the 
presence  of  GTP  (Guy  et  al.,  1988).  Sequence  similarities  between  amino 
acids  95  and  111  of  NEF  and  other  nucleotide  binding  proteins  are  readily 
apparent  (S  muel  et  al.,  1987;  Guy  et  al. ,  1988).  The  possible  relation¬ 

ships  of  these  interesting  biochemical  activities  with  NEF  activity  remain 
to  be  investigated. 
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(6)  BOm 

1)  To  define  the  func±icai  of  viral  protein  R  fVrR) 

a)  Express  HIV-1.  HIV-2  and  SIV  vor  genes  in  E.  coli 

In  the  original  e^lication  vie  had  proposed  to  ei^ress  each  form  of  vpr 
in  E.  coli,  in  order  to  obtadn  protein  that  could  be  used  for  innunizaticxi  of 
reibbits  for  antibocty  development.  We  have  essentially  bypassed  this  under^ 
taking,  by  obtadning  a  purified  synthetic  KEV-l  Vpr  protein  ftnom  Dr.  Gras-Masse. 
Furthermore,  the  current  avedlability  of  antisera  to  the  HIV-2  and  SIVtaac  Vpr 
proteins  (kindly  provided  by  Dr.  T.H.  Lee,  Harvard)  also  precludes  the  require- 
mertt  for  the  e^qnression  of  these  proteins  in  E.  coli  for  this  purpose. 

b)  Develop  antibodies  to  recombinant  Vtar  products 

We  have  inoculated  a  single  rabbit  with  the  ^nthetic  HIV-1  Vpr  protein  and 
have  now  dbtcdned  over  100  ml  of  antisera  over  the  last  six  months.  We  have 
compared  our  antisera  to  those  provided  by  Dr.  T.H.  Lee,  AIDS  Repository,  and 
Dr.  George  £!haw  (U.  of  Alabama),  and  find  significantly  better  reactivity  by 
radioijraiunGprecipitaticxi  analysis  with  cur  antiserum  towards  either  [3H] -leucine 
labeled  protein  expressed  in  reticulocyte  lysates  or  in  transfected  BSC40  cells 
(see  section  l.i.v). 

We  have  infected  CEM  cells  with  HIV-2  strains  with  or  without  imitaticaTs  in 
vpr,  and  will  use  lysates  frcm  these  cells  to  test  the  reactivity  of  the  anti- 
Hrv-2  Vpr  antiserum.  We  will  eilso  examine  the  reactivity  of  this  antiserum  with 
HIV-2  Vpr  e}?)ressed  in  reticulocyte  lysates  and  in  transfected  BSC40  cells  (see 
section  2.c) . 

c)  Determine  the  sizefs)  of  Vtar  products  in  acute  and  chronically  infected 
lymphoid  and  monocvtoid  cells  infected  with  HEV-l  .  HIV-2,  and  SIV 

C3ell  lines  e}q>ressing  HEV-l  and  HIV-2  Vpr  proteins  during  acute  or  chroiic 
infection  are  currently  being  prepared  for  this  purpose.  In  each  case,  we  will 
ccmpare  the  proteins  synthesized  in  infected  cells  to  those  synthesized  in  vitro 
in  reticulocyte  lysates.  Ihis  will  be  useful  in  determining  vhether  Vpr  is 
initiated  or  terminated  at  the  same  sites  in  infected  cells,  whether  proteolytic 
processing  occurs,  and  vhether  other  cellular  or  viral  proteins  co-imrauncpreci- 
pitate  with  Vpr. 

d)  Determine  the  celliilar  localization  of  Vor 

we  have  begun  initial  studies  to  characterize  the  cellular  localization  of 
Vpr.  For  this  purpose,  we  have  utilized  clcwie  into  Tdiich  is  cloned  the 

HCV-l  vpr  gene.  Uiis  clone  allcws  expression  in  vitro  in  reticulocyte  lysates 
after  transcription  with  T7  polymerase.  In  addition,  transfection  of  this  clone 
into  tissue  culture  cells  allcws  expression  after  infection  with  a  recombinant 
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vaccinia  virus  (W)  expressing  T7  polymerase  (VVT7) .  We  have  succeeded  in 
detection  of  [3H] -leucine  labeled  Vpr  protein  in  BSC40  cells  using  this  tech¬ 
nique.  E^q^eriments  utilizing  biochemiccil  fractionation  by  ultraoentrifugation 
are  underway  to  assess  cellular  locaticxi  of  Vpr.  we  will  also  assess  cellular 
localizaticxi  using  a  Vpr  e3<pression  clone  with  an  SV40  promoter  to  rule  out  the 
possibility  that  W  infection  perturbs  cellular  localization.  In  addition,  we 
will  V|)r  localization  in  HIV-1  infected  cells.  Each  mutant  form  of  Vpr 
will  be  examined  by  the  same  techniques.  Similar  experiments  will  be  performed 
with  the  HIV-2  Vpr  exqxressicn  clones  as  well.  Lastly,  we  will  also  examine  Vpr 
by  iraraunofluorescenoe  localization  by  confocal  microsocpy  and  imraunogold  electron 
microscopy.  The  innunoflouresoent  experiments  will  be  initiateed  Portly.  A 
visiting  scientist  with  extensive  experience  in  imraunolocalizaticn  electron 
microscopic  techniques,  Dr.  Jiang  Wang  will  join  cur  group  in  March,  1992  to 
perform  the  latter  experiments. 

e)  Assess  co-  and  post-translational  modification  of  the  Vpr  protein 

Exeriments  to  excamine  whether  HEV-l  or  HIV-2  Vpr  proteins  are  phosphory- 
lated,  O-glycosylated,  sulfated,  or  palmitoylated  will  be  initiated  within  the 
nexct  2-3  mos. 

f)  Isolate  cCNA  encoding  VPr 

The  experiments  on  isolation  of  V^r  cCNAs  are  being  carried  out  jointly  with 
investigators  on  contract  DAMD17-90C-0057.  For  this  purpose,  primers  have 
already  been  synthesized,  and  are  currently  being  tested.  Such  cCNAs  will  be 
useful  for  two  purposes.  First,  we  will  determined  if  there  are  mRNAs  vhich  may 
encode  fused  proteins  with  the  Vpr  open  reading  frame  and  some  other  HIV-1  qp^ 
reading  frame.  Second,  we  will  examine  sequence  heterogeneity  and  correlate  it 
with  functioral  differences  in  vpr  sequences  obtained  from  patients  at  different 
stages  of  disease. 

g)  Determine  role  of  Vbr  in  HCV-l.  HIV-2,  and  SIV  replicaticai  in  a  variety  of 
lymphoid  and  monocvtoid  cells 

we  have  pursued  in  depth  the  role  of  HTV-l  Vpr  in  regulating  infection  in 
primary  human  monocytes.  Interactions  with  envelope  determinants  were  of  great 
interest.  For  this  purpose,  we  have  clcxied  a  3'  fragment  of  a  monocyte-tropic 
claie  of  HIV-1,  ADA,  obtained  in  collaboration  with  Drs.  Howard  Gendelman  and 
Mcxite  Meltzer  (WRAIR)  (Fig.  1).  We  scu^t  to  identify  sequences  in  this  clone 
vhich  would  confer  ipon  a  non-monocyte-trcpic  clone  (either  NL4-3  or  HXB2)  the 
ability  to  infect  and  r^licate  in  primary  human  monocytes.  The  sequences  cloned 
from  the  ADA  isolate  included  3.5  Idx  sequences  with  vpu,  env,  nef,  U3  IITR,  and 
partial  sequences  for  tat,  rev,  and  the  R  region  of  the  ITR  (shewn  as  shaded 
boxes  in  Fig.  1) .  The  entire  fragment  or  portions  of  it  were  cloned  in  place  of 
the  corresponding  sequences  of  HXB2  (shewn  as  open  box  in  Fig.  1) . 
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Upon  transfection  of  these  chiioerlc  clones  into  OOS-7  cells  or  SW480 
cells  virus  was  produced  in  each  case  which  was  infectious  for  primary  human 
lynophocytes.  No  significant  difference  (i.e.  3-fold  differences)  were  noted  in 
their  ability  to  replicate  in  lynphocytes.  In  contrast,  ncxte  of  the  elegies  gave 
rise  to  detectable  reverse  transcriptase  activity  (Fig.  2)  or  p24  antigai 
e}q>ressicn  (not  shewn)  \i)en  placed  on  primary  human  monocytes  in  the  presence  of 
500  U/ml  M-eSF.  In  cxntrast,  vims  from  OOS-7  or  SW480  cells  transfected  with 
the  YU-2  clone  (kindly  provided  by  G.  Shaw,  U.  of  Alabama),  obtained  frem  brain 
tissue  without  in  vitro  cultivation,  gave  rise  to  hi^  levels  of  virus  production 
on  primary  monocytes.  Ohis  replication  phenotype  was  designated  "productive 
infection.  ” 

Ccxniltivation  of  monexytes  with  lynphocytes  was  performed  to  identify 
vdiether  some  monocyte  cailtures  esdiibited  low  levels  of  HIV-1  e^^ressiesn  or 
abortive  HEV-l  infection  (Fig.  2) .  Monexytes  e^gxised  to  HXB2  virus  or  virus  from 
c::ertain  proviral  colcxies  with  HXB2  and  ADA  sequences,  vhen  cxxxiltivated  with 
lynphcxytes,  demonstrated  no  rescxie  of  virus.  Ihis  phenotype  is  (designated  "no 
infecticxi."  Ikiwever,  mcxxxytes  infected  with  virus  from  a  subset  of  the  chimeric 
proviral  (olcxies  with  HXB2  and  ADA  secjuences,  were  cepable  of  prociucing  virus 
after  c<x:ultivation  with  primary  lymphcx^ites.  Ihis  phenotype  of  monocyte 
infection  was  designated  "silent  infecticxi." 

Sequenoes  in  the  ADA  isolate  necessary  for  cxsnferring  monocyte-tropism  were 
identified  by  analyzing  a  nunber  of  different  proviral  denes  (Fig.  3).  All 
proviral  clones  gave  rise  to  virus  capable  infecting  primary  lymphexytes  (PEL) , 
but  nene  were  capable  of  productive  infection  of  mcnocytes.  Clone  SM  inclxjdes 
ADA  vpu  and  gpl20-encxxiing  env  sequences,  and  was  cr^able  of  silent  infecticxi  of 
monexytes.  Similar  findings  were  found  with  desnes  KM,  QG,  and  GP  (r^resenting 
the  5'  half  of  the  QG  fragment) .  Thus,  we  were  able  to  identify  the  V3  locjp 
region  of  envelope  as  ixoportant  for  mcnocyte-trepism,  and  exdude  an  essential 
role  in  silent  infection  of  nef,  vpu,  tat,  rev,  or  HER  sequenoes.  We  ind^)en- 
dently  (demonstrated  with  a  number  of  HIR-CAT  cxaistructions  that  monocyte-tropism 
(did  net  relate  the  transcriptional  activity  of  different  LIRs  in  this  cellular 
environment. 

To  determine,  vhy  HXADA-GG  gave  rise  to  silent  infecticxi  but  net  procductive 
infection,  a  new  set  of  chimeric  proviral  clones  were  cxaistructed.  In  this  case, 
5'  and  3'  sec^uenoes  of  NL4-3  were  utilized  in  place  of  tlxose  of  HXB2  (Fig.  4). 
The  rationale  for  this  approach  was  based  an  the  finding  that  HXB2  encxxdes  a 
(defective  nef  product  and  a  (defective  vpr  product.  Furthermore,  NL4-3  gave  rise 
to  no  infecticxi  of  mcaiocytes,  even  after  cxxxiltivaticai  with  primary  lynphocytes. 
These  chimeric  provirus  designated  NIHXADA  clones  gave  rise  to  procductive 
infectiem  if  the  GP  fragment  from  ADA  was  present. 

The  incxiocyte-trcpism  (determinant  in  gpl20  is  shewn  in  Fig.  5  in  black  boxes, 
including  resiedues  240-333.  This  regicai  includes  the  V3  principal  neutralizing 
domain  of  gpl20.  Secjuences  shewn  as  shaeded  resiedues  r^resent  those  vhich  have 
been  shown  in  mutagenesis  experiments  to  be  important  for  CD4  binding,  and 
largely  map  3^  to  the  tropisra  determinant. 
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Replication  of  NLHXADA  recombinant  clones  in 
PBMCs  and  primary  monocytes,  (a)  A  panel  of  recombinant  clones 
generated  by  exchange  of  restriction  fragments  between  the  ADA, 
HXB2.  and  NL4-3  clones  is  represented  diagrammatically  on  the  left. 
The  2.7-kb  Sa/  l/SamHl  fragment  of  each  clone  has  been  expanded 
to  demonstrate  the  relative  positions  of  ADA-derived  sequences  and 
HXB2-derived  sequences  with  respect  to  the  open  reading  frames 
and  restriction  enzyme  sites  shown  above.  Peak  RT  activities 
(xlO"^)  generated  by  virions  derived  from  each  clone  in  PBMCs 
(days  12-18)  and  primary  monocytes  (days  18-24)  are  indicated  on 
the  right,  (b)  The  replication  kinetics  of  NL4-3,  HXB2,  and  NLHX- 
ADA-GP  in  PBMCs  (dashed  lines)  and  primary  monocytes  (solid 
lines)  are  shown.  Similar  results  were  obtained  in  two  to  five  replicate 
experiments. 


Fig .  4 
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Sequence  eiligntnents  of  residues  240-333  of  isolates  viiich  are  ince$)able 
(HXB2,  SF2,  NL4-3)  or  capable  of  infecting  mcxTocyt^  (ADA/  JF-L,  YU-2,  SF-162) 
are  shown  in  Fig.  6.  Over  this  94  amino  acid  domain,  there  are  21  amino  acid 
differences  bebweai  the  HXB2  and  ADA  sequoxes.  Other  amino  acid  differences 
between  the  different  mv-l  strains  are  indicated.  Of  particular  interest  is  the 
finding  that  at  only  6  positions  (shown  in  black  boxes)  are  the  sequences  of 
monocyte-tropic  clones  consistently  different  from  those  of  non-mcnocyte-tropic 
clones.  Of  particular  note,  residue  283  is  always  a  tyrosine  in  the  case  of 
roonooyte-troplc  clones.  At  residue  287,  an  acidic  amino  acid  was  noted  in  all 
monocyte-tropic  clones,  and  a  basic  amino  acid  in  the  case  of  all  non-monocyte- 
tropic  clones.  These  edignments  suggest  particular  amino  acids  in  envelope  that 
can  be  examined  in  more  detail  for  their  role  in  monocyte-tropism. 

The  next  set  of  eagieriments  scu^xt  to  explain  vdiy  KLHXADA-GP  clan&  gave 
rise  to  productive  infection  vhereas  the  HXADA-GP  clone  gave  rise  to  silent 
infection.  We  found  that  a  fraroeshift  nutation  at  codon  65  of  the  96  codon  vpr 
open  reading  frame  of  clone  NIHXADA-GP  reverted  the  phenotype  to  silent  infection 
(Fig.  7) .  This  strongly  suggested  that  vpr  was  critical  for  productive  infection 
of  monocytes  vhen  the  monocyte-tropism  envelope  determinant  was  also  present.  An 
intact  vpr  gene  without  the  envelope  tropism  determinant  (as  in  clone  NL4-3)  does 
not  give  rise  to  infection  of  moncxytes. 

However,  the  requirement  for  vpr  for  productive  infecticxi  of  monocytes  was 
abrogated  if  ADA  segumxces  from  the  SK  fragment  were  present  (Fig.  7  and  8). 
Sequaxoes  encoded  by  this  SK  fragment  are  shewn  in  Fig.  9  and  include  the  entire 
vpu  gene  and  small  portions  of  tat,  rev,  and  env  gen^.  The  most  notable 
difference  between  ADA  and  HXB2  sequences  in  this  donain  is  the  finding  that  in 
HXB2  an  initiator  methionine  cxxdon  for  vpu  is  not  present,  vhereas  in  ADA  an 
initatiator  methionine  codon  is  present.  This  would  suggest  that  either  vpu  or 
vpr  together  with  the  envelope  determinant  cdlcws  produc^tive  infection  of 
mcaxxytes. 

In  collaboration  with  Drs.  M.  Becich  and  J.  Haiser  (Washington  University) , 
H.  Gendelman  (WRAIR) ,  and  J.  Orenstein  (George  Washingtcxi  lAiiversity) ,  we 
examined  microgr^iis  of  monocytes  infected  with  either  the  ncxi-monocyte  tropic 
isolate  NIHXADA-SK  (Fig.  10a),  the  monocyte-tropic  isolate  with  envelope,  vpu, 
and  vpr  determinants  NIHXADA-SM  (Fig.  10b),  or  the  monocyte-tropic  isolate  with 
envelope  and  vpr  determinants,  NIHXADA-GG  (Fig.  10c) .  The  presence  of  giant 
multinudeated  cells  by  phase  microsexpy  is  an  obvious  characteristic  of  infected 
mcnocytes.  Electron  microgrE^iiic  exarainaticai  of  the  cells  infected  with  mono¬ 
cyte-tropic  clones  with  or  without  vpu  demcxistrated  budding  mature  and  inmature 
particles  at  both  the  cell  surface  and  in  vacuoles.  Vpu  has  previously  been 
inplicated  in  the  maturation  of  virus  particles  in  lymphocytes  and  tudding  of 
particl.es  at  the  C3ell  surface.  A  similar  effect  of  vpu  in  infected  mcxxocytes  was 
not  epparent.  Thus,  the  functican  of  vpu  in  monocytes  may  be  different  from  that 
characterized  in  T  lynphocytes.  Similar  findings  were  found  in  the  presence  or 
absence  of  vpu,  examining  virus  particles  tudding  from  the  cell  surface  by 
freeze-fracture  electroi  microscopy  (Fig.  lOe) . 
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Amino  acki  alignment  of  proposed  tropism  delenninants  from  monocyte-nonreplicati ye  and  -Kplicative  clones.  The  predicted  amino 
acid  sequence  of  the  monocyte  tropism  determinant  from  ADA  is  aligned  with  those  of  six  additional  clones.  The  clones  SF162,  Yu2,  and  JF-L 
are  grouped  with  ADA  as  capable  of  productively  infecting  monocytes,  whereas  the  clones  HXB2.  NL4-3,  and  SF2  are  grouped  as  incapable 
of  productive  monocyte  infection,  based  on  the  data  in  Fig.  2  (NlA-3,  HXB2,  and  ADA),  on  published  data  (SF2  and  SF162;  ref.  25),  aiyl  on 
our  unpublished  data  (Yu2  and  JF-L).  Amino  acid  numbers  shown  correspond  to  those  of  the  mature  ADA  gpl20  protein  (HXB2  gpl20  residues 
243-337).  Dots  mark  the  position  of  every  10th  residue.  Asparagine  residues  involved  in  N-linked  glycosylation  are  underlined  (20).  Arrows 
indicate  residues  shown  to  be  necessary  for  CD4  binding.  The  V3  domain  is  also  indicated .  Positions  at  which  all  four  monocyte-replicative  clones 
differ  from  residues  encoded  by  the  three  monocyte-nonreplicative  clones  are  highlighted  by  solid  boxes. 


Fig.  6 
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Tliese  data  suggest  that  vpr  or  vpu  can  ccaivert  silent  infection  of  itonocytes 
to  productive  infection.  It  is  unclear  vdiether  or  not  these  proteins  are 
functioning  at  the  same  sb^  or  different  st^>s.  It  is  however,  interesting  that 
and  have  weak  sequence  similarity  (Fig.  11) ,  most  notably  in  the  C-tenni- 
nus  of  Vpa  and  N-terminus  of  V^r.  It  is  also  intriguing  that  sequence  similarity 
of  VJar  is  noted  with  the  HIV-2  protein  Fig.  11) .  Ihus,  it  is  not  surprising 
that  has  been  implicated  as  an  important  factor  in  monocyte  infecticai  ir/ 
SIVhac,  as  well  (Yu  et  cil.,  1991).  In  additicai  to  the  sequence  similarity, 
notable  similarities  in  hydrophilicity  profile  are  depicted  between  these 
proteins  (Fig.  11) . 

To  determine  whether  vpu  is  the  critical  element  with  the  SK  fragment  that 
allows  productive  infecticxi,  we  have  cxnstructed  site-directed  mutations  vftiich 
place  an  initiator  methionine  codon  into  the  vpu  gene  of  HXB2,  in  clones  NIHX- 
ADA-GG  and  NLHXADA-(a»  with  or  without  the  vpr  mutation.  Ihis  will  provide 
definitive  data  as  to  wether  vpu  is  the  critical  sequence  within  this  ENA 
fragment  for  productive  monocyte  infection. 

We  have  also  begun  to  examine  the  role  of  the  HIV-2  vpr  gene  in  the  presence 
or  absence  of  the  vpx  gene  in  GEM  lynphoid  cells,  primary  lynphocytes,  primary 
monocytes,  or  HeLa/T4  cells.  For  this  purpose,  we  have  utilized  three  clcaies 
previously  constructed:  ES  with  intact  vpr  and  vpx  genes,  MXl+62  with  mutations 
in  vpx,  and  MR7  with  a  mutation  in  vpr.  We  constructed  a  new  clone  with  both  the 
vpr  and  vpx  mutations,  designated  MIVMX.  Ihus  far,  no  difference  was  noted  in 
the  presence  or  absence  of  an  intact  vpr  gene.  However,  we  have  yet  to  demon¬ 
strate  that  our  HIV-2  clone  is  capable  of  infecting  monocytes.  Cocultivation 
experiments  with  lynphocytes  are  underway  to  examine  whether  silent  infection  may 
occur. 

h)  Determine  mechanism  of  action  of  Vbr  in  enhancing  HIV-1  infectivitv  and/or 
replicaticmi  in  Mr4  Ivmtiioid  cells 

Ihe  COTitract  epplication  describes  3-10-fold  differences  in  the  ability  of 
HEV-l  clones  with  or  without  vpr  to  replicate  in  HTLV-I  infected  cell  lines,  Mr4 
and  Mr2.  However,  the  much  more  dramatic  differences  in  the  presence  of  vpr  in 
noxxytes,  and  the  particular  relevance  of  monocytes  to  disease  pathogenesis, 
suggested  to  us  that  inuch  greater  emphasis  should  be  placed  on  examining  the 
mechcinism  of  acticai  of  Vpr  in  monocytes  than  in  Mr4  cells.  Ihus,  the  same 
analyses  described  in  the  original  contract  application  for  Mr4  cells  studies  are 
utilized  for  studies  of  Vpr  in  monocytes.  Additional  studies  in  Mr4  cells  will 
still  be  performed,  but  these  studies  will  take  a  lower  priority  to  pursuing  the 
much  more  exciting  monocyte  infection  studies. 
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i)  Detentiine  effects  of  Vbr  on  HIV~1  infectivitv 

Initial  e}^)eriiaents  have  been  performed  to  determine  if  Vpr  eiffects  the 
level  of  mv-l  infecticxi  in  monocytes.  Fbr  this  purpose,  mv-l  strains  with  or 
without  the  inonocyte-trcpic  envelope  determinant,  vpr,  an^or  vpu  were  ei5)ressed 
from  OOS-7  cells  and  lased  to  infect  monocytes  or  lynphocytes.  One  day  after 
infection,  cellular  ENA  was  harvested  and  quantitative  PCK  was  performed  with 
primers  that  were  designed  to  detect  the  earliest  reverse  transcriptase  products, 
i.e.  R  and  U5  sequences.  Controls  were  performed  with  heat-treated  virus  in 
order  to  insure  that  signads  were  not  due  to  contaminating  ENA  in  the  virus 
preparations.  These  data  demonstrated  that  the  monocyte-tropism  envelope 
determinant  was  essential  for  infection.  Clone  KLHX  gave  rise  to  no  detectable 
viral  ENA  synthesis  in  monocytes,  vdiereas  viral  ENA  could  be  detected  in  primary 
lymphocytes.  Similar  levels  of  viral  ENA  were  seen  in  the  presence  of  the 
mmocyte-tropism  envelope  determinants  in  the  presence  or  absence  of  vpr  or  vpu 
determinemts.  This  eiq)eriment  must  be  cxaifirmed  with  other  virus  pr^jarations 
and  isolates.  However,  it  suggests  that  Vpr  and  function  at  a  step  distinct 
frcm  that  of  the  envelope  determinant  etfter  the  initiaticxi  of  reverse  transcrip¬ 
tion.  If  simileur  findings  are  found  in  additioncd  ejqjeriments  of  this  type, 
other  st^  in  virus  r^licatiai  will  be  e''amined  in  the  presence  or  absence  of 
the  Vpr  and  Vpu  determinants. 

ii)  Determine  effects  of  Vbr  c«i  HIV-1  production 

Studies  of  the  effects  of  Vpr  on  HIV-1  production  from  mcaxxytes  have  not 
yet  been  initiated,  and  will  await  the  results  of  l.h.i).  If  the  results 
described  above  for  HIV-1  ENA  levels  in  monocytes  are  confirmed,  we  will  r^jeat 
the  assays  examining  HIV-1  FNA  levels  to  cussess  vhether  Vpu  ant^or  Vpr  aixi 
effecting  steps  in  the  replication  cycle  between  these  two  points  (i.e.  cxmple- 
tion  of  reverse  transcrip>tase,  integration,  transcription,  RNA  tran^xsrt,  ENA 
stability) .  Other  studies  will  includes  those  examining  HIV-1  protein  expression 
in  infected  mcsnocytes  by  Vfestem  blot  analysis  and  imraunofluorescencje. 

We  have  examined  by  transmission  electron  microscopy  monocytes  infected 
produertively  or  silently  by  a  number  of  the  virus  strains  above.  No  virus 
particles  were  detected  in  silently  infected  nmocytes.  Thus,  either  the 
replicxiticn  cycle  is  aborted  prior  to  the  step  of  virus  assembly,  or  the  level  of 
expressicn  was  too  low  to  be  detected  by  electron  micnroscxjpy. 

iii)  Determine  if  Vpr  effects  can  be  cxmolemented  in  trans 

We  have  cxnstructed  SV40  e^qiression  plasmids  to  express  HIV-1  Vpr  or  HIV-2 
Vpx.  An  eiperiment  is  underway  bo  deternune  if  1)  the  levels  of  the  re^jective 
prxTteins  expressed  from  cells  transfected  with  each  of  these  plasmids,  and  2) 
these  plcismids  can  cxxoplement  defects  found  with  HIV-2  expression  front  Jfela/T4 
cells  infected  with  vpx-  virus,  or  with  HEV-l  expression  front  primary  human 
monexytes  infected  with  vpr-  virus. 
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iv)  Detennine  if  Vbr  effects  are  independent  of  other  regulatory  proteins 

ffe  have  not  yet  initiated  e^q^inents  to  assess  v^ther  defects  in 
ejqsression  affect  the  ei^nressian  of  other  regulatory  proteins,  i.e.  Vpu,  Nef,  or 
Vif. 

V)  Detennine  the  stnx±ure-function  relatioTi^ps  of  Vbr 

To  assess  structure-function  relationships  of  Vpr  for  productive  infection 
of  monocytes,  we  chose  to  first  examine  the  C-terminal  sequences  that  are  hi^ily 
observed  among  different  human  and  simian  lentiviruses: 

64  70  80  90  96  Vpr  amino  acid  residue 

II  I  II 

**  **  **  ***  ****  Residues  conserved  with  HIV-2  &  SIV  Vprs 

. .  .LQQUJIHEraGCRHSRIGVIXXJRI^^  KEV-l  NL4-3  Vpr  protein 

The  following  nutations  have  been  constructed: 

C76  -  cysteine  residue  at  residue  76  was  converted  to  serine.  It  was  of  parti¬ 
cular  interest  to  determine  if  this  highly  ccnserved  residue  may  be 
involved  in  dimer  formation 

CRst-  V^r  protein  is  truncated  to  78  amino  acid  ty  frameshift  at  the  Sal  I  site 
eifter  residue  77.  Cysteine  residue  76  is  left  intact. 

SRIG-  Residues  79-82  are  deleted 
If  -  Residues  68-69  are  deleted 
KJ  -  Residues  64-65  are  delected 

F65  -  Vpr  product  is  truncated  to  a  65  amino  acid  protein  due  to  a  frameshift 
nutaticn,  but  an  additional  21  amino  acids  are  added  to  to  the  C-terminus 
V65  -  Vpr  product  is  truncated  to  a  65  amino  acid  protein  by  the  addition  of  a 
termination  codcxi 

R2  -  Vpr  product  is  terminated  at  codon  2  by  site-directed  mutagenesis  intro¬ 
ducing  a  terminaticHi  oodcai 

Each  of  these  clones  has  been  OOTstructed  in  NIHXADA-GP.  All  give  rise  to 
virus  c^)able  of  replicating  in  primary  lymphocytes.  Studies  are  underway  to 
assess  their  r^licaticxi  properties  in  monocytes. 

The  vpr  gene  of  each  of  these  mutants  was  clcmed  using  PCR  based  technology 
into  plasmid  pIM3.  This  plasmid  has  a  proraoter  for  T7  polymerase  and  an  IMC 
leader  sequence  to  eillcw  efficient  translaticxi  in  the  absence  of  RNA  capping.  We 
have  demcxistrated  that  NIfl6  (parentel  Vpr  protein) ,  C76,  CEst,  and  SRIG  can  be 
translated  efficiently  in  reticulocyte  lysates,  labeled  with  [3H]-  leucine,  and 
specifically  recognizes  our  anti-Vpr  antisera  (see  l)a).  The  V65  Vpr  product 
could  not  be  synthesized  in  reticulocyte  lysates,  we  suspect:  that  this  molecule 
is  hi^vLy  unstable.  The  other  forms  of  Vpr  have  not  yet  been  examined  in  the 
reticulocyte  lysate  system.  Studies  of  the  electrophoretic  mobility  of  these  Vpr 
proteins  in  the  presence  or  absence  of  2-mercaptoethanol  demonstrated  no  dif- 
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ference  in  the  mobility  of  C76  and  NL96,  suggesting  that  disulfide-liniked 
dimers  are  not  formed. 

We  have  also  transfected  these  clones  into  BSC40  cells  and  infected  with  a 
reocnbinant  vaccinia  virus  (W)  es^iressing  T7  polymerase  (WT?).  [3H] -Leucine 

labeled  cells  transfected  with  NIB6  denonstrated  es^ression  of  a  similar  sized 
protein  to  that  expressed  in  reticulocyte  lysates  using  the  anti-\^  antiserum. 
Studies  of  the  Vpr  nutants  in  BSC40  cells  is  underway. 

i)  Determine  the  role  of  Vbr  in  vivo  with  appropriate  model  systems 

We  have  initiated  studies  in  scid/hu  mice  with  constructs  NIHX,  NIHXADA-GG, 
and  NIliXADA-GG  vpr  mutant  in  ooUaboration  with  R.  Markham  (Johns  Hoidcins) .  The 
first  eiperiment  showed  suooessful  replication  and  recovery  fixm  inoculat^  mice 
with  each  virus.  Quantitative  assays  are  currently  being  developed  using  in  situ 
hji^ridization  and  PCR. 

We  have  deferred  work  in  the  rabbit  model  system  as  advised  our  collabo¬ 
rators,  Drs.  Tom  Folks  and  Michael  lairmore  (CDC),  since  consistent  results 
could  not  be  r^>roduced  with  HIV-1  infection  in  this  model  system. 

Studies  of  Vpr  mutants  in  SIVtaiac239  are  alreac^  underway  in  Dr.  Desrosiers 
grotp. 

j)  Determine  the  role  of  Vbr  in  modulating  disease  in  HIV-1  infected  humans 

In  collaboration  with  Dr.  Richard  Markham  (Johns  Hopkins) ,  we  have  obtained 
sanples  frcm  seven  patients  followed  over  the  course  of  several  years  with  three 
PBMC  sanples  from  each  patient  at  times  vhen  the  a>4>1000,  CD4=250-750,  and 
CD4<200.  PCR  primers  for  anplifying  RNA  or  ENA  sequences  these  sanples  are 
currently  being  evciluated. 

2.  To  determine  the  function  of  viral  protein  X  fVt3ix) 

a)  To  assess  the  effects  of  Vtax  on  r^lication  and  cvtcpathicitv  of  HIV-2  in  T 
lymphoid  and  monocytoid  cells 

i)  To  determine  effects  of  Vtax  on  site  of  virus  assembly  in  the  cell 

Studies  on  the  effects  of  Vpx  on  site  of  virus  assenhly  will  be  initiated  in 
March,  1992,  when  Dr.  Jiang  Wang,  an  experiaice  electron  microsccpist  from 
Taiwan  joins  our  laboratory. 

ii)  To  determine  the  cellular  localization  of  Vt3x  in  HIV-2  infected  cells 

Innunogold  electrcai  microscopy  to  identify  the  cellular  localization  and 
viral  locedizaticn  of  Vpx  will  be  performed  Dr.  Wang,  beginning  in  Ifarch, 
1992.  For  this  purpose  we  will  use  HIV-2  infected  cells,  or  cells  transfected 
with  Vpx  ejq>ressicn  clones.  We  have  alreac^  constructed  a  clone  that  expresses 
Vpx  from  an  SV40  promoter.  We  are  currently  cloning  the  HIV-2  Vpx  gene  into  pfDC 
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for  esqnression  in  cells  infected  with  VVT7.  In  additicxi  HIV-2  V^r  is  also  being 
cloned  into  pJSO. 

iii)  To  determine  if  there  are  oo-  or  post-translational  tnodifi cations  of  Vtax 

Ihe  clones  described  in  the  previous  section  will  be  used  for  these  stu¬ 
dies.  In  addition,  studies  will  be  perfomed  in  HIV-2  infected  cells  and  cells 
transfected  with  V^  ei^ressed  from  the  SV40  promoter. 

d)  To  assess  whether  Vtax  protviral  ran  be  ccnplemented  in  trans  by  a  Vox 

expression  clone 

Ihese  es^ieriments  are  underway  and  are  described  in  section  l.h.iii. 

e)  To  determine  stnK±ure-functicai  relationships  of  Vbx 

In  addition  to  the  studies  of  Vpx  outlined  above,  a  nuntoer  of  other  clones 
are  being  constructed  at  this  time  to  answer  the  following  questicxis: 

i)  Does  Vpx  binds  HIV-2  FNA  with  specificity? 

ii)  What  HIV-2  viral  conponents  are  required  for  pacdcaging  Vpx? 

To  examine  Vpx  binding  to  HIV-2  SNA,  as  noted  previously,  we  are  cloning 
HIV-2  vpx  and  vpr  genes  into  pDO  ejqaression  to  allow  ejqjression  in  reticulocyte 
lysates.  In  addition,  we  are  cloning  the  HIV-2  genome  in  both  oriaitations  into 
pGEM3ZF+.  The  latter  plasmids  will  be  tjsed  for  in  vitro  transcription  to 
synthesize  sense  and  antisense  forms  of  the  HIV-2  genomic  BNA.  We  will  then 
examine  binding  of  the  reticulocyte  lysate  translated  proteins  to  FNA  by  one  or 
more  of  the  following  assays:  Northwestern  blots,  filter  binding  assays,  sucrose 
gradient  sedimentation.  If  specific  BNA  binding  can  be  detected,  we  will  first 
localize  the  sequences  required  for  binding  in  the  HIV-2  FNA.  Second,  we  will 
construct  nutaticxis  in  Vpx  to  determine  vftiich  sequences  are  required  for  bind¬ 
ing. 

To  investigate  issues  related  to  Vpx  padkaging,  two  epproaches  are  currently 
underway.  First,  we  are  constructing  clones  of  HIV-2  \diich  are  inc^>able  of 
synthesizing  envelope,  by  introduction  of  a  linker  within  an  Psp  I  site  in  the 
env  gene.  This  will  be  useful  in  asking  vhether  envelope  protein  is  required  for 
Vpx  packaging  into  virus  particles.  We  are  also  constructing  a  packaging  mutant 
of  HIV-2.  For  this  purpose,  we  are  first  subdoning  the  5'  Nar  I  fragment  into  a 
subclcxe.  A  deletion  in  the  leader  sequeixe  esqjected  to  ccxitain  the  packaging 
signal  is  being  constructed  through  the  use  of  PCR.  We  will  then  clone  the 
segment  with  the  deleticxi  back  into  the  full  clone,  to  determine  if  the  BNA 
packaging  signed  is  required  for  Vpx  packaging.  An  additional  way  to  examine 
vhether  FNA  is  required  for  Vpx  pack^ing  is  to  determine  if  virus  particles  with 
only  Gag  and  Pol  proteins  can  package  Vpx.  For  this  second  e^roach,  the  gag  and 
pol  genes  eu:e  being  cloned  in  pDC.  This  clOT»e  will  then  be  transfected  into 
BSC40  cells  infected  with  VVT7.  Oo-transfecticn  ejgjeriroents  with  Vpx  euqjression 
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clones  will  be  perfonned  to  examine  if  Vpx  can  be  packaged  into  virus  pcurticles 
expressed  in  this  way.  Vfe  will  ultimately  determine  the  miniTnal  requirements  for 
Vpx  pacQcaging  into  particles,  and  Vpx  sequences  required  for  padkaging. 

f)  To  assess  effects  of  Vox  on  replication  and  cvtopathicitv  of  SIV  in  T  Ivnchoid 
and  monocvtoid  cells 

We  have  focused  our  initial  work  on  the  HIV-2  Vpx  protein.  Studies  of 
SlVtaac  Vpx  protein  will  be  done  subsequently. 

g)  To  assess  the  role  of  Vtax  in  vivo  with  animal  model  systems 

Animal  ncdel  system  studies  will  await  initial  data  with  the  fflV-l  viruses 
in  sci(Vhu  mice  (see  l.i.)  emd  the  initial  data  with  the  HIV-2  virus  studies 
outlined  in  this  section. 

.  To  determine  the  function  and  mechanism  nf  action  of  negative  factor  (HEF) 

a)  To  determine  relative  effects  of  HIV-1  Nef  on  viral  transcriptioi.  degrada¬ 
tion.  and  nuclear-cvbnpiagmir:  transport 

The  amino  acid  sequence  alignment  of  Nef  proteins  from  human  and  simian 
lentiviruses  (Fig.  12)  shows  areas  of  conservation  among  these  otherwise  diverse 
protein  sequences.  Of  not  is  the  oonservaticn  of  the  nyristoylaticn  acceptor 
site  encoded  by  the  second  codon  of  each  nef  gene.  The  protein  kinase  C  phos¬ 
phorylation  acceptor  site  in  the  HIV-1  strains  shewn  is  not  well  conserved 
with  those  of  other  HEV-l  strains,  HIV-2,  or  SIV  strains.  The  second  AOG  codon 
at  codon  position  20  and  the  potential  N-glyoosylation  site  of  the  nef  gene  of 
HIV-1  strains  is  also  not  found  in  nef  genes  of  HIV-2  and  SIVs. 

E>q)ression  in  transfected  OiS-l  or  Hela  cells  of  HIV-1  strains  with  defects 
in  Nef  was  significantly  hic^ier  than  those  of  HIV-1  strains  capable  of  encoding  a 
full-length  Nef  protein  (Fig.  13).  A  similar  difference  in  levels  of  all  three 
classes  of  viral  RNA  ^}ecies  was  also  identified  in  cells  transfected  with 
proviral  clones  with  Nef  oonpared  to  those  with  a  truncated  nef  gene  (Fig.  14) . 
The  si:ppressive  effect  of  Nef  on  viral  RA  levels  was  shown  to  be  at  the  level  of 
RNA  transcription,  as  demonstrated  in  nuclear  run-on  assays  (Fig.  15) . 

The  work  was  cxmifinned  and  extended  using  SlVtaac  strain  102.  The  nef  gene 
in  this  SIV  strain  is  38%  similar  to  that  of  HIV-1  strain  HXB2  (Fig.  16) .  A  nef 
mutant  clone  (SIV  BA)  was  constructed  by  PCR  site-directed  mutagenesis  inserting 
a  terminaticai  codcxi  at  position  40,  without  affecting  the  env  coding  sequence, 
and  eliminating  the  Bam  HE  site  (Fig.  17) .  OOS  cells  were  transfected  with  a 
control  ENA  lacking  nef  sequences,  pSV2gpt  (Fig.  18,  lane  1),  pSIV  102  (lane  2), 
or  pSIV  BA  (lane  3) ,  and  then  labeled  with  [35S) -methionine  and  [35S] -cysteine, 
and  itanunoprecipitated  with  an  anti-SIV  antiserum.  The  32  kd  Nef  protein  was 
detectable  only  in  cells  transfected  with  clone  psrvi02  (indicated  by  *,  Fig. 

18) .  Gag  proteins  precipitated  with  the  same  antiserum  from  pSIV  102  and  pSIV  BA 
transfected  cells  are  eilso  indicated  (g.  Fig.  18) . 
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.  Amina  acid  sequence  aJLigrment  of  Nef  proteins  from  human  axd  simian  lentiviruses.  iyidno  acids 
are  aligned  introducing  gs^  to  maximize  amino  acid  honologies  vdiich  are  shewn  within  boxes. 
Also  indicated  are  potent!^  sites  for  nyristoylation  OCR),  phosphorylation  (PO4) ,  and  gly- 
oosylation  (OD) ,  as  well  as  the  second  methionine  codon  vftiich  may  be  used  for  translational 
initiation.  An  asterisk  indicates  a  termination  codon. 
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NEF  decreases  Che  level  of  p24  GAG  antigen.  Ten  alcrograsu  of 
pHIV  F-  (solid  squares),  pHIV  F-t-  (open  circles),  or  pSP  (lacking  HIV>1 
sequences;  closed  circles)  was  transfected  onto  50Z  confluent  100  nn 
places  of  COS-1  or  HeLa  cells.  Saaq>les  of  cell  culture  nedla  were  tested 
for  p24  antigen  by  an  ELISA  (DuPont).  A  saaple  of  p26  (1  ng/ml)  had  an  OD 
values  of  0.82,  and  OD  values  were  linear  with  protein  concentration  with 
the  range  of  values  reported.  This  experlaent  was  repeated  five  tines  In 
COS-1  cells,  and  twice  each  In  HeLa,  HOS,  and  SW480  cells  with  similar 
results.  Adapted  with  permission  from  Nledeman  eC  al.  (1989). 
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The  HIV-1  nef  product  down-reguletes  the  level  of  HIV-1  RHAs. 
Plates  of  COS-1  or  HeLa  cells  were  transfected  with  10  nicrograms  of  pHIV 
F+,  pHIV  F- ,  of  pSP  alone  or  together  with  an  additional  30  Blerograas  of 
nef  expression  clone  pHXF.  RJNA  was  harvested  after  3  days,  and  Northern 
blot  analysis  was  performed  with  3S  micrograms  of  RNA  using  Optlblot 
filters.  Filters  were  hybridized  with  a  full-length  HIV-1  genome  probe, 
or  an  actin  probe.  Reprinted  with  permission  from  Nlederman  et  al. 
(1989). 
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The  HIV-1  nef  product  down- regulates  the  rate  of  synthesis  of 
HlV-1  RNAs.  Plates  were  transfected  as  described  In  Fig.  4.  Nuclear 
run-on  assays  were  performed  and  the  ( 32P] -labeled  transcripts  were 
hybridized  to  0.5  microgram  aliquots  of  pHXB2  (HIV-1  nucleotides  1-9213), 
pHXB5*  (HIV-1  nucleotides  222-5580),  or  actin.  The  ratio  of  hybridization 
to  HIV-1  sequences  compared  to  actin  Is  shown.  Reprinted  with  permission 
from  Nlederman  et  al .  (1989). 


Fig.  15 
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Amino  ncM  alignment  of  the  NEF  proteins  derived  from 
HIV-1  (HXB2/3gpt  (24.  261)  an<J  SIV  isolate  102  (derived  from  SIV 
MAC-251  (221).  Based  on  this  aii^iment,  there  is  a  38%  sequence 
similarity  between  HIV-1  NEF  and  SIV  NEF.  Both  forms  of  NEF 
may  be  myristoylated  and  share  sequence  similarity  to  the  nucleo¬ 
tide  binding  domain  of  G  proteins  (toxed  sequences). 
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.  Construction  of  nef  mutant  clone  pSIV  BA  from  wild- 
type  clone  pSIV  102.  A  premature  termination  codon  was  engi¬ 
neered  at  codon  40  of  the  nef  gene  by  using  polymerase  chain 
reaction  site-directed  mutagenesis  with  a  synthetic  oligonucleotide 
spanning  the  mutated  region.  The  truncated  NEF  protein  contains 
only  the  first  39  amino  acids,  but  the  ENV  protein  is  unaffected  by 
the  mutation  since  env  and  nef  lie  in  different  reading  frames. 


Fig.  17 
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Exotcssiofl  of  SIV  NEF  and  GAG  proteins.  COS  ceHs 
were  transfectS^th  10  «is  of  pSV2gpt  (tane  1),  pS|V  102  ^ 

nr  n^iv  BA  Bane  31.  At  48  h  posttransfection,  cells  were  labeled 

wifr  Slmethionine  and  ("Skysteiiie  and 

serum  from  m.  infected  macaa^.  ^ 

then  denatured  and  subjected  to  SDS^AGE  in  a  rs  t  ^ 
gradient.  *.  NEF  protein  expressed  in  pSIV 
^ecursor  and  processed  gag  proteins  in  pSlV  102-  and  pbiv 


Fig.  18 
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NEF  downregulaics  SIV  replication  in  transfected  COS  cells.  In  seven  independent  experiments,  10  oJ  cither  pSy2gpt,  pSiV 
102,  or  pSlV  BA  was  transiently  transfected  into  COS  cells.  An  aliquot  of  the  overiymg  medium 

transfection  and  assessed  for  solubilized  p27'*'  core  protein  with  (A)  a  Coulter  SJ  V  p27  ELISA  kit  or  (B)  an  Abbott  p24  HIV  ES^SA  kil.  (A) 
Averages  of  four  experiments  with  error  bars  indicating  1  standard  deviation  from  the  mean.  (B)  Three  different 
efficS^cy  was  monitored  by  cotransfecting  pSV2CAT  and  measuring  CAT  activity;  however,  this  parameter  did 

in  any  given  experiment.  For  panel  A,  1  optical  density  unit  is  approximately  equal  to  an  antigen  concentration  of  15  ng/ml.  Symbols.  U. 
pSV2gpt;  D.  pSIV  102;  #,  pSIV  BA. 


Fig.  19 
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Similar  to  the  results  with  HIV-1,  we  found  that  in  the  presence  of  an 
intact  nef  gene,  SIVmac  e}q>ression  was  decreased  3-5-fold  ccxpared  to  that  using 
the  clone  with  a  truncated  nef  gene  (Fig.  19) .  levels  of  edJ.  classes  of  viral 
RNAs  were  similarly  depressed  by  Nef  (Fig.  20  and  Table  1) .  We  noted  depression 
of  correctly  initiated  BNAs  by  Nef  but  no  new  RNA.  sites  being  utilized  (Fig. 

20) .  IVo-three-fold  decreases  in  the  rate  of  BNA  synthesis  were  also  noted  in 
the  presence  of  Nef  (Fig.  22),  but  no  change  in  the  stability  of  viral  FNAs 
(Fig.  23). 

b)  Tn  rharacterize  Nef  resixansive  sequences 

We  initially  attempted  to  characterize  Nef  responsive  LIR  sequences  using 
indicator  plasmids  with  various  deletions  of  LOR  sequences.  Hcwever,  inconsis¬ 
tent  results  were  obtained.  This  was  due  to  ccnpeting  sequences  present  in  the 
nef  es^iression  cloie  and  the  HER-CAT  constructs,  the  lev  level  of  transcriptional 
suppression  (2-10-fold) ,  and  variation  in  the  efficiency  of  transcription  of 
different  cell  lines. 

To  ovezxxme  at  least  some  of  these  difficulties,  we  are  utilizing  stably 
transfected  and  selected  cell  lines.  In  collaboration  with  Drs.  V.  Garcia  (U.  of 
Washington)  and  I.  Chanbers  (Stanford  University) ,  we  have  obtained  Jurkat,  U937, 
HPBALL,  and  OOS  cells  expressed  HIV-1  Nef  proteins.  These  clones  will  be 
transfected  with  HIV-1  LIR  CAT  constructs  and  control  constructs  to  determine  if 
there  is  an  effect  of  Nef  on  expression.  In  addition,  we  have  received  fixm  the 
AIDS  Repository  (NIAID)  HeLa/T4,  U937,  and  W  cell  lines  st  ably  transfected  with 
Hrv-ITR  CAT.  These  cell  lines  will  be  transfected  with  cur  nef  ejpression 
clones.  In  2»ddition,  in  collaboration  with  Dr.  John  Majors  (Washington  Univer¬ 
sity)  ,  we  are  cxxistructing  retrovirus  vectors  that  express  either  Nef,  Tat,  or 
the  HEV-l  ITR-beta  galacbosidase .  We  will  assess  effects  of  Nef  on  ITR  activity 
by  co-infection  of  the  cells,  and  define  critical  elements  in  this  case  by  in 
vivo  ENA  footprinting  (see  3.c.ii.). 

c)  To  characterize  the  mechanism  of  transcriptional  suppression  bv  Nef 
i.  Gel  retardation  experiments 

We  have  perfoimed  extensive  gel  retardaticn  esq^eriments  over  the  last  six 
nenths  to  define  the  responsive  region  of  the  ITR.  For  this  purpose,  we  have 
used  a  wide  range  of  different  cell  types  transiently  or  stably  transfected  with 
nef  expression  plasmids  as  described  in  the  previous  section.  In  addition,  mcxio- 
cytoid  or  lynphoid  cell  lines  were  examined  in  their  basal  state  or  in  their 
activated  state  (e.g.  UPS  +/-  EMA  treated  U937  cells,  FMA  +/”  V“  ionanycin 
treated  Jurkat  or  HPBALL  cells) .  Lastly,  we  have  ^so  pr^)ared  extracts  from 
cells  infected  with  different  strains  of  HIV-1.  For  this  analysis  we  have 
utilized  a  wide  range  of  different  labeled  ENA  fragments  from  the  ITR  and 
different  oligonucleotides.  Different  parameters  of  the  binding  assay  and 
competitor  ENAs  and  oligcxiucleotides  were  examined. 
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SIV  NEF  decreases  viral  mRNA  accumulaiion.  COS 
cells  were  transfected  with  10  ^  of  either  pSV2gpt,  pSIV  102,  or 
pSlV  BA  and  cotransfected  with  clone  pSV2CAT  to  control  for 
transfection  efficiency.  Total  cellular  RNA  was  isolated  3  days  after 
transfection  from  90%  of  the  cells  and  subjected  to  Northern  blot 
analysis.  Protein  extracts  were  prepared  from  the  remaining  10%  of 
the  cells  for  CAT  analysis.  Hybridization  was  performed  with 
hexamer-primed  probes  generated  from  the  3.5-kb  5acl  fragment 
from  clone  pSIV  102.  In  this  experiment,  duplicate  transfections 
were  performed.  RNAs  from  experiments  1  and  2  were  combined 
equally,  subjected  to  Northern  blot  analysis,  and  hybridized  to  actin 
sequences  that  demonstrated  that  similar  amounts  of  RNA  were 
applied  to  the  gel.  CAT  activities  were  similar  within  the  linear  range 
of  analysis. 


Fig.  20 
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.  SIV  NEF  decreases  steady-stale  levels  of  SIV  mRNA  and  does  not  affect  the  transcription  start  position.  COS  cells  were 
transfected  with  proviral  clones  pSIV  102  and  pSlV  BA,  and  total  cellular  RNA  was  isolated  72  h  later.  RNA  was  annealed  to  either  the 
Bs(/36I  (nt  94)-to-AvoI  (nt  1494)  fragment  (A)  or  the  S90-nt  SrnI  fragment  (B).  RNA  was  annealed  to  the  S90-nt  Siul  probe  and  the  6S5-n( 
Avan-to-FvulI  neo  probe  in  panel  C.  Samples  were  then  digested  with  SI  nuclease,  and  the  protected,  labeled  DNA  fragments  were  separated 
on  denaturing  PAGE  (5%  polyacrylamide).  Symbols:  BB .  length  of  the  probe;  CD,  region  of  protection;  *,  labeled  sites.  The  numbers  next 
to  the  empty  boxes  indicate  the  lengths  of  the  protected  fragments  of  the  unspliced  and  spliced  transcripts  (29).  The  arrow  over  the  striped 
box  at  nt  507  indicates  the  RNA  CAP  site.  Panel  A  represents  two  independent  experiments  (1  and  2),  panel  B  represents  a  third  experiment, 
and  panel  C  represents  two  additional  independent  experiments.  Transfection  efficiency,  measured  by  cotransfecting  pSV2CAT  and  assaying 
CAT activity  (percent  acetylation),  was  determined  for  all  transfections.  In  part  A.  the  mean  CAT  activity  was  3.0%  ±  0.4%  and  3.9%  ±  0.7%  ; 
in  part  B,  the  activity  was  3.9%  and  3.4%;  and  in  part  C,  the  mean  activity  was  70%  ±  6%  and  69%  i:  6%  for  pSlV  102-  and  pSlV 
BA-transfected  cells,  respectively.  In  addition,  the  intensity  of  the  protected  neo  probe  (band  indicated  by  arrow  on  right)  was  determined, 
and  the  value  was  used  to  adjust  the  relative  concentration  of  viral  mRNAs  from  transfected  cells. 


Fig.  21 
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Ratio  of  hybridization  of  SIV  mRNA/ ALU  mRNA  Ratio  of  hybridization  of  SIV  mRNA/GPT  RNA 

SIV  NEF  decreases  (he  rate  of  viral  RNA  synthesis.  Nuclear  run-on  assays  were  performed  with  [o-’^PlUTP  (specific  activity. 
3,0(X)  Ci/mmol)  to  label  nuclei  isolated  from  COS  cells  transfected  with  10  fig  of  pSV2gpt,  pSlV  102,  or  pSiV  BA.  The  nascent,  labeled 
transcripts  were  hybridized  to  SIV  sequences  (pSlV  102),  Atul  repetitive  sequences  (pL33M),  or  gpt  sequences  (pSV2gpt)  to  control  for  the 
efficiency  of  labeling,  RNA  yield,  and  transfection  efficiency.  Hybridization  intensity  was  measured  by  densitometry  and  is  expressed  as  the 
ratio  of  hybridization  to  SIV  sequences  to  that  to  Alul  (A)  or  gpi  (B)  sequences. 


Fig.  22 
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..  SIV  NEF  docs  not  destabilize  SIV  mRNAs.  COS  cells 
(in  eight  7S-mm  flasks)  were  transfected  with  either  clone  pSlV  102 
or  pSIV  BA.  At  24  h  after  transfection,  the  COS  cells  were 
harvested  and  pooled  with  similarly  transfected  cells  and  replated 
onto  150-mm  plates.  At  24  h  after  replating,  the  cells  were  incubated 
with  dactinomycin  for  0  to  48  h.  At  the  indicated  times,  total  cellular 
RNA  was  isolated  and  subjected  to  Northern  blot  analysis.  The  blot 
was  first  hybridized  with  the  SIV  probe  as  in  the  experiment  shown 
in  Fig.  4,  exposed  to  film,  stripped  of  RNA,  and  rehybridized  to  an 
actin  probe  as  a  control  for  the  amount  of  RNA  loaded  on  the  gel.  In 
this  analysis,  the  stability  of  the  4.S-kb  env  mRNA  was  measured 
because  it  was  the  predominant  species.  At  each  time  point,  the 
calculated  amount  of  SIV  mRNA  was  determined  by  densitometry 
and  the  level  of  e/ii'  mRNA  was  adjusted  to  the  amount  of  actin 
mRNA. 


Fig.  23 


TABLE  L  SIV  NEF  downregulatcs  viral  mRNA  levels" 
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1.8 

2.7 

Niy' 

ND 

Slot  blot 

BA 

3.6 

2.8 

ND 

ND 

102 

3.0 

1.6 

ND 

ND 

BA 

8.8 

1.4 

ND 

ND 

4 

102 

1.7 

1.4 

5.3 

ND 

ND 

Slot  blot 

BA 

2.3 

4.8 

ND 

ND 

5 

102 

4.0 

0.8 

4.7 

ND 

76 

Northern 

BA 

1.5 

4.0 

ND 

82 

102 

0.9 

4.7 

ND 

76 

BA 

4.7 

4.0 

ND 

82 

6 

102 

5.8 

1.4 

5.1 

ND 

3.4 

SI  nuclease 

BA 

6.2 

3.9 

ND 

3.2 

102 

1.0 

4.2 

ND 

2.5 

BA 

6.3 

4.7 

ND 

4.6 

102 

0.6 

5.1 

ND 

3.9 

BA 

3.0 

3.9 

ND 

3.4 

7 

102 

3.5 

3.5 

5.0 

ND 

ND 

Northern 

BA 

7.1 

2.9 

ND 

ND 

8 

102 

1.9 

2.4 

6.7 

ND 

ND 

Northern 

BA 

2.2 

3.3 

ND 

ND 

9 

102 

2.7 

1.0 

0.9^ 

ND 

ND 

Run-on 

BA 

2.9 

i.ir 

ND 

ND 

10 

102 

2.6 

1.5 

1.4' 

ND 

ND 

Run-on 

BA 

2.0 

0.7' 

ND 

ND 

*  This  table  summarizes  the  data  from  10  separate  experiments  and  includes 
17  different  matched  pairs  of  densitometry  scans  of  SIV,  actin,  or  neo  mRNAs 
(expressed  as  relative  areas  under  each  curve)  from  pSIV  102>  and  pSlV 
BA^ransfected  COS  cells.  In  all  cases,  COS  cells  were  transfected  with  10  fig 
of  proviral  DNA  per  lOO-mm  plates.  These  data  include  mRNAs  that  were 
analyzed  by  slot  blot  and  Northern  blot  hybridization,  SI  nuclease  protection 
assays,  and  nuclear  run-on  assays.  We  calculated  the  fevef  of  viral  mRNA 
suppression  for  each  of  the  17  matched  pairs  of  pSl  V  102  and  pSIV  BA  values 
in  order  of  the  pairs  from  the  top  of  the  table  downward.  We  found  that  the 
mean  suppression  of  NEF  on  viral  mRNA  levels  was  3.2-rold  £  1.6-fold, 
where  1.6  represents  the  standard  deviation.  In  addition,  the  95%  confidence 
intervals  \2.4  and  4.0)  indicate  that  the  mean  of  17  random  matched  pairs  will 
lie  between  2.4-  and  4.0-fo(d  95%  of  the  time. 

*  Average  ratio  of  the  SIV  densitometry  values  of  pSIV  BA  divided  by 
those  of  pSiV  102  multiplied  by  the  ratio  of  actin  densitometry  values  of  pSIV 
102  divided  by  those  of  pSIV  BA-transfcctcd  cells. 

CAT  activity  (measured  as  percent  conversion  to  acetylated  products)  of 
a  pSV2CAT  plasmid  that  was  cotransfected  with  the  SIV  proviral  clones. 

^  ND,  Not  done 

In  the  nuclear  run-on  assays,  hybridization  to  A/ul  sequences  served  as  a 
control  for  viral  RNA  concentration  determinations  instead  of  actin  se¬ 
quences. 
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The  clear  and  consistent  finding  frcm  these  studies  was  that  Nef  inhibits 
an  indvjcible  nuclear  factor  frcm  binding  to  the  NFkappaB  binding  site.  The 
binding  is  ocn()eted  try  a  wild  type  NFkappaB  binding  site  oligonucleatide  hut  not 
a  mutant  oligonucleotide.  No  inhibition  was  seen  with  an  SPl  binding  site 
oligcsTucleotide. 

ii.  ENA  footprintino  studies 

After  identifying  the  NFkz^paB  binding  site  as  a  site  for  Nef  activity,  we 
will  begin  shortly  ENA  footprinting  studies  to  confirm  these  findings,  and  to 
identify  the  precise  positions  of  protein  contacts.  Vfe  will  use  both  the  HIV-1 
ITR  and  II2  promoter  for  these  studies,  as  well  as  control  promoters. 

iii.  In  vitro  transcription  studies 

We  have  not  yet  initiated  the  in  vitro  transcription  studies,  but  these  will 
be  begin  shortly. 

d)  To  determine  the  role  of  nhosphorvlaticai.  GTP  binding.  GTPase  activity,  and 
mvristovlation  acceptor  activity  cn  Nef  activity 

We  have  constructed  a  myristoylation  aco^>tor  mutant  of  Nef  in  a  full 
proviral  clone  and  a  Nef  e}5)ression  vector.  Studies  are  underway  with  this 
mutant,  to  examine  its  effect  of  virus  r^licaticn  in  lymphoid  cell  lines,  and 
primary  lymphocytes. 

We  have  cloned  nef  genes  with  or  without  the  myristcylation  aco^jtor 
mutation  (NGl  or  NAl,  respectively)  into  a  bacterial  expressicn  clcxie,  and 
co-ej^ressed  these  proteins  with  yeast  N-rayristoyl  transferase. 

The  data  in  Fig.  24  demonstrates  that  Nef  can  be  es^ressed  in  these  bacteria 
(left  hand  side)  with  or  without  the  myristcylation  aco^jtor.  Only  the  NGl  Nef 
protein  can  be  labeled  with  [3H]-rayristic  acid,  or  [3H] -analogs  of  myristic  acid 
(Oil  or  013) .  No  labeling  was  seen  with  the  [3H]-06  analog.  These  myristcylated 
or  nc»Mnyristoylated  forms  of  Nef  e}g}ressed  in  E.  coli  will  be  used  to  identify 
cellular  reo^Jtors  for  Nef. 

We  have  also  cloned  the  myristoylation  aco^?tor  mutant  and  parental  forms  of 
nef  into  the  pTM3  vector  to  allow  e^q^ression  in  reticulocyte  lysates  and  in  WT? 
infected  cells.  In  addition,  these  clones  will  be  used  for  site-directed 
mutagenesis  to  construct  clones  with  the  protein  kinase  C  acceptor  mutation  with 
or  without  the  myristoylation  aoo^jtor  mutation. 

OligcxTucleotides  for  the  other  mutations  described  in  the  original  ccrnitract 
application  have  been  synthesized.  In  addition,  the  C-terminal  deletion  mutants 
of  Nef  have  cdso  been  constructed. 

Prelimiinary  studies  on  cellular  localization  of  Nef  have  demonstrated  an 
edmost  exclusive  cytosolic  localation  c»i  biochemical  fractionation  studies  vhen 
using  HIV-IIIB  Nef  proteins  (Fig.  25) .  We  are  examining  the  cellular  locciliza- 
tion  of  other  Nef  variants  stressed  frcm  other  HIV-1  strains,  and  will  examine 
the  role  of  myristoylation  and  phosphorylation  in  cellular  localization,  using 
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Oo-e:^ressic3n  of  §  oerevisiae  N-oyristoyl  transferase  and 
HIV-1  Dgf  in  E  ooli.  The  dual  plasmid  expressicxi  system  is 
shown  in  the  top  panel.  Ihe  S  cerevisae  N-Biyristoyl 
transferase  (MHT)  is  expressed  frcm  plasmid  pBB131  uti¬ 
lizing  an  IPTC-indhjcible  pranoter,  Ptac.  Forms  of  Nef  with 
a  oodkvi  2  glycine  (pWfSl)  or  alanine  (pMNAl)  are  expressed 
utilizing  a  nalidixic  acid-inducihle  pronot^,  rec  A.  The 
bottom  panel  show?  co-expression  of  NMT  and  HTV-l  Nef  in  £ 
ooli  (50  ug  of  total  protein)  labeled  with  [%]iiyristic 
acid,  or  [%]analog,  emd  detected  by  iinnuncblot  (left),  or 
iramunoprecipitation  (right)  with  rabbit  anti-Nef  anti¬ 
serum.  Peprinted  with  permission  from  ref.  21. 


Fig.  24 
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Cellular  localization  of  the  HIV-l  Nef  Protein. 

A)  Iimunablot  detec±ion  with  a  toonoclcnal  anti-p24  antibody 
of  HIV-1  Pr55gag  and  p24  in  H9/IIIB  cells  after  incubation 
with  media  2d.one  (C),  0.1%  ethanol  (E),  40  uM  dodecanoic 
acid  (CIO),  40  uM  12-inethcoQ'dcx3ecanoic  acid  (013),  or  5  iH 
eizidothymidine  (AZT).  B)  Imunoprecipitation  with  a  human 
emtiserum  of  HIV-1  proteins  in  100,000  x  g  soluble  (S)  or 
pellet  (P)  fractions  of  H9/IIIB  cells  metabolically  labeled 
with  [%]inyristic  acid,  [3HJ013,  or  [%]06.  The  intact 
PzSSgag  is  indicated  hy  an  asterisk.  C)  Innuncprecipita- 
tion  with  rabbit  anti-4tef  antiserum  of  HIV  Nef  ^ecies  from 
the  same  fraction  as  in  panel  B.  The  results  shown  in 
panels  A-C  are  representative  of  those  obtain  in  three 
independent  experiments.  Reprinted  with  permission 


Fig.  25 
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the  es^nressicxi  clones  descrihed  above. 

Fig.  26  provides  a  suiamary  of  our  working  model  of  the  structure  and 
function  of  Nef.  It  shcMs  the  protein  localized  on  the  inner  surface  of  the 
pl2isma  membrane  throuc^  syristic  acid  linkage  attached  to  glycine  encoded  by  the 
second  codon.  Protein  kinase  C  is  capable  of  phosphorylating  threonine  residue 
15.  Residues  95-100  may  play  a  role  in  nucleotide  binding,  and  may  lead  to 
phoi^iiorylation  of  Nef-res^xxisive  factors  (NRF)  cor  lead  to  autcphoepborylation. 
A  cascade  may  be  induced  by  NRF  that  causes  transcriptional  suppression  of  the 
mv-i  promoter. 

e)  To  determine  effects  of  Nef  on  cellular  proteins  includincr  those  which  mav 
modulate  HIV-l  infectivity  or  renlicaticn 

To  examine  the  role  of  Nef  on  cellxilar  proteins,  we  have  taken  two  different 
cpproaches.  Vfe  are  examining  effects  on  II2  synthesis  at  the  transcriptional 
level  in  e3q)eriments  outlined  above.  Vfe  are  examining  effects  of  Nef  on  CD4  cell 
surface  e:g]ression,  in  BSC40  cells  co-infected  with  vaccinia  virxas  eogiressing 
or  0)4.  Effects  of  Nef  on  other  cellular  proteins  will  be  examined  with  the 
staibly  transfected  C3ell  lines  and  the  retrovirus  esg^ression  clones  that  cure  under 
construcrtrion.  Lastly,  we  are  searching  for  Nef-binding  proteins  ty  several 
different  assays.  Most  notably,  we  are  currently  screening  a  lambda  gtll  cCNA 
eoqsression  library  with  iodinated  Nef  to  detect  Nef-binding  proteins.  Additional 
assays  have  utilized  Sppharose  colxmans  to  vhich  we  have  bound  purified  Nef 
protein.  Bus  work  is  in  progress. 

f)  To.deterroine  the  role  of  Nfef  in  HIV-2  and  SIV  replication 

Vfe  have  described  extensive  work  on  the  effects  of  Nef  on  SIV  replication. 
Uhfortunately,  the  SlVlnac  102  strain  utilized  in  the  previous  experiments  is 
poorly  infectious  for  most  T  cells.  Bierefore,  we  have  utilized  Sivmac239,  the 
pathogenic  SIV  strain  with  a  mutation  in  Nef,  and  constructed  a  Neff  clone  in 
which  we  have  removed  the  termination  codon.  E^g^eriments  with  these  Nef-  and 
Neff  viruses  are  underway. 

Studies  of  HIV-2  nef  have  not  been  initiated  since  the  HIV-2rod  strain  that 
we  have  utilized  has  a  large  deletion  in  the  nef  g^ie.  Vfe  have  corrected  this 
defect  by  addition  of  sequences  from  a  c£NA  clcne,  but  we  have  not  yet  completed 
sequence  analysis  to  confirm  that  the  nef  gene  is  now  intact. 

g)  To  determine  the  role  of  Nef  in  vivo  with  animal  model  systems 

Bie  SIVtaac239  denes  used  for  our  analysis  of  Nef  have  alreacfy  been  studied 
by  Oesrosiers  and  colleagues  in  rhesus  macaques,  and  these  investigators  demon¬ 
strated  that  Nef  was  critical  for  pathogenicity.  Our  studies  in  vitro  with  those 
virus  strains  should  provide  inportant  information  in  explaining  this  finding. 
One  possibility  is  that  Nef  is  required  for  establishment  of  a  state  of  "latency” 
in  vivo,  and  that  in  the  absence  of  Nef,  infected  cells  are  rapidly  lost  due  to 
lysis  or  imune  clearance. 
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.  structure  and  function  of  Nef.  Shown  in  the  Icwer  left 
hand  portion  is  a  nultiply  sliced  nef  expressed  frcin 
Hiy-1  proviral  DMA.  I^xtbein  products  are  initiated  at  both 
the  first  and  second  AUG  codons.  The  larger  protein 
product  is  shown  as  a  protein  nyristoylated  at  the  glycine 
residue  encoded  from  codon  2  of  the  Nef  precursor  (G2), 
possibly  mediating  binding  to  cellular  naibranes  und^ 
certain  conditions.  Ihreonine  at  position  15  (T15)  is 
pho^horylated  fay  protein  kirase  c.  A  potential  nucleotide 
binding  donain  is  shown  ne^a:  residues  95-100.  Cleavage  of 
nucleotide  triphosphate  (NIP)  may  lead  to  autopho^horyla- 
tion  at  a  serine  residue  (S),  as  well  as  phosphorylation  of 
a  Nef-re^x3nsive  factor  (NRF)  that  mediates  Nef  activity  in 
the  nucleus.  The  a^aragine  at  position  126  is  glyco¬ 
sylated,  and  sequences  near  residue  183  nay  mediate  GTPase 
activity  (10) .  Potential  sites  for  action  of  Nef  on  UTR 
activity  are  shown  at  the  lower  richt.  Reprinted  with 
permission 


Fig.  26 
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Studies  in  scid-hu  micae  with  the  HIV-l  clones  will  be  perforrted  after  the 
initial  studies  outlined  in  l.i.  are  ccBopleted.  We  e}<pect  that  these  experiments 
will  be  initiated  within  the  next  3-6  mc«ths. 

h.  1)0  dAtermine  the  role  of  Nef  in  modulatino  roanifestaticx^  of  HIV-1  infecticai 
in  hunans 

We  have  used  PBMQs  frxxn  over  the  full  course  of  disease  of  individuals 
described  in  l.j.  We  have  obtained  the  first  20  nef  clones  and  preliminary 
sequence  analysis  has  been  initiated.  We  will  obt2dn  and  sequence  at  least  8 
clones  fixm  each  of  3  samples  front  at  least  4  of  these  patients,  or  about  100 
clones  in  all.  Functional  studies  on  selected  clones  will  be  based  an  the 
sequence  data. 

i.  Tr>  dPft/>TTnine  the  therapeutic  role  of  Nef  in  dcwn-requlatino  HIV-1 

Since  Nef  has  been  shown  to  be  a  pathogenic  factor  in  Sivmac  in  rhesus 
macaques,  our  goal  in  this  regard  is  altered.  Nevertheless,  we  are  in  the  midst 
of  oonstnicting  the  retroviral  ei^tression  clones  for  Nef  that  would  be  useful  for 
a  wide  range  of  studies,  inclixling  down-regulation  of  HIV-1. 

(7)  OCNCUJSICNS 

In  concliasion,  in  the  first  year  of  this  contract  significant  progress  was 
Tnad<>  both  in  development  of  necessary  reagents,  e>g3erimental  assays,  as  well  as 
in  several  very  interesting  novel  findings. 

With  respect  to  Vpr,  we  have  made  a  useful  polydcnal  antibo^  to  HIV-1  Vpr 
and  obtained  antiboc^  to  HIV-2  Vpr.  We  have  constructed  a  very  interesting  set 
of  nutations  in  Vpr  with  alterations  in  the  carboo^l  terminus,  altering  ^aecifi- 
cally  residues  that  are  hi^y  conserved  in  Vpr  proteins  of  HIV-1,  HIV-2,  and 
Sivmac.  Clones  ©{pressing  HIV-2  Vpr  are  also  currently  being  oonstrucbed.  We 
have  expressed  parental  and  mutant  Vpr  proteins  in  reticulocyte  lysates,  using  a 
vaccinia  expression  system,  and  in  HIV-l  in  cell  lines  and  primary  lymphocytes 
and  nmocytes.  Cell  localization  experiments  with  these  Vpr  proteins  have  been 
initiated.  Perhcps  the  roost  interesting  finding,  however,  is  that  we  have  found 
that  Vpr  is  very  important  for  the  ability  of  HIV-l  to  productively  infect 
monocytes.  This  requirement,  however,  can  be  r^laced  by  Vpu.  Additional 
mechanistic  studies  and  animal  model  studies  are  focusing  an  further  analysis  of 
this  very  interesting  finding. 

With  re^xect  to  Vpx,  we  have  inoculated  rabbits  with  a  reocnbinant  Vpx 
protein  for  antiboc^  development.  We  have  begun  ccnstruction  of  Vpx  expression 
clones  for  studies  of  cell  localizatiai,  post-translational  modification,  and  FNA 
binding  studies.  We  have  begun  construction  of  env-  and  psi-  clcxies  to  decipher 
the  requirements  for  Vpx  packaging.  We  have  also  found  Vpx  important  for 
infection  of  Hela/T4  cells.  Hxe  mechanism  for  this  effect  is  currently  being 
studied. 


46 


Mechaniams  of  Cytotoodcdty  of  tba  aids  Virus 
P.I.:  Lee  Rattier,  M.D.,  fb.D 


Oontrtict  No.  DAMD17-90-C-0125 

Btisic 


with  re^)ect  to  Nef,  we  have  obtained  polyclonal  antibodies  to  mv-l  Nef. 
We  have  identified  a  critical  st^  in  Nef  activity  in  both  HIV-1  and  SIVtaac  at 
the  level  of  transcriptional  initiation.  Vfe  have  identified  through  gel  retar¬ 
dation  eiqieriinents,  a  factor  that  binds  to  the  MFkc^paB  binding  element  vhose 
expression  or  binding  activity  is  inhibited  by  Nef.  We  have  constrixted  nyris- 
toylation  aoc^itor  nxitants  of  Nef,  and  demonstrated  defective  nyristoylaticn  in 
an  E.  coli  ei^nression  system.  Parental,  truncated,  and  syristoylation  aoc^>tor 
mutant  Nef  expression  clones  for  reticulocyte  lysates,  reoccbinant  vaccinia  virus 
expression,  or  HIV-1  virus  expression  have  been  ocnpleted.  In  additicn,  we  have 
constructed  Nef  nutations  in  several  other  HEV-l  stredns  and  the  pathogenic 
strain  of  SIV)DDac239  for  further  mechanistic  studies. 
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